To learn about adipose differentiation of precursors from postnatal adipose tissue of lean and massively obese subjects, human omental adipocyte precursor-murine renal adenocarcinoma cell (RAG) hybrids were formed by fusion with polyethylene glycol, and cultured selectively with 50 pM ouabain in hypoxanthine aminopterin thymidine (HAT) medium. Under conditions in which the parent cells did not differentiate, a number of hybrids, which were cloned, revealed morphologic and biochemical evidence of differentiation. In addition to activation of human genes within the common nucleus of the hybrids, murine cytoplasmic activators are probably also involved because heterocaryons (fused cells with two interspecific nuclei) revealed the same phenomenon. Hybrids composed of precursors from massively obese subjects disclosed more frequent and prominent differentiation. Since these hybrids, in contrast to those from the lean, recapitulate this phenomenon in subcultures, they provide the potential system for mapping the human gene(s) responsible for adipose differentiation and its exaggeration in massive obesity.
Introduction
The process of adipose differentiation features the conversion of motile, fibroblast-like cells, termed adipocyte precursors, to relatively immobile, round, triglyceride-laden adipocytes (1) . While this process has been studied in such model systems as cultured (fetal) murine 3T3 sublines susceptible to adipose conversion (2, 3) , the mechanisms mediating the maturation of fat cells in postnatal adipose tissue are not known. Thus also unexplained is the unusual susceptibility of some adipocyte precursor clones from massively obese persons, to differentiate in culture (4) .
To gain insight into the process of adipose differentiation, including the possible localization of the gene(s) responsible for this process or for the apparently inordinate differentiation of some precursor clones in human massive obesity, we have prepared human adipocyte precursor-murine renal adenocar-(100 U/ml) and streptomycin (100 ,g/ml), to promote adherence to 75-cm2 flasks (Becton Dickinson and Co., Oxnard, CA) (7, 8) . The medium was then changed to include 100 MM hypoxanthine, 0.4 gM aminopterin, and 16 ,uM thymidine (HAT) (Sigma Chemical Co., St. Louis, MO) to select against unfused RAG cells (HPRT-), or RAG-RAG fusion products, and 50 MM ouabain (Sigma Chemical Co.) to select against unfused human adipocyte precursors, and precursorprecursor fusion products (9, 10) . Control studies, designed to address whether unfused human and/or murine cells were present in the mixed (i.e., uncloned) hybrid cell populations, were performed. Separate cultures ofhuman precursors treated with ouabain resulted in the death of all cells within 6-7 d, while separate cultures of murine (RAG) cells treated with HAT (11) . In any case, determination of triglyceride content and enzyme assays were used for confirmation, as will be described.
Subculture and cloning ofcell hybrids. For these studies, the already described selective culture medium was used, except that the concentration of fetal bovine serum was decreased to 10%. After culturing the possible products of fusion between adipocyte precursors and RAG cells for 21 d, cloning cylinders were placed over the candidate colonies, which were detached with 0.5 mg/ml trypsin-0.2 mg/ml Na2EDTA (Gibco Laboratories). The released cells were transferred to 25- Glycerophosphate dehydrogenase assay. Cells were washed with HBSS and detached, using a cell scraper, into the same solution. The suspension was centrifuged at 800 gfor 10 min, and the resulting pellet was resuspended in a minimal volume ofa 50 mM Tris buffer (pH 7.5) containing 0.25 M sucrose and 1 mM Na2EDTA. This suspension was sonicated 3 X 30 s and centrifuged at 48,000 g for 1 h at 40C to yield the supernatant that was used to determine glycerophosphate dehydrogenase (E.C. cells also deficient in neutral lipid (Fig. 2 A, B) . In the case of the hybrids composed of precursors from all four massively obese persons (Fig. 2 A) , -10% accumulated lipid. In contrast, appreciable Oil-Red-O staining was present in only 2-5% of all hybrids composed of precursors from three lean subjects (Fig. 2 B) . Not only were homocaryons capable of triglyceride accretion, but fused cells containing two interspecific nuclei (heterocaryons) revealed similar degrees of accretion, as illustrated by arrows to the nuclei ofsuch cells in Fig. 2 A, B . Under the culture conditions used for these studies, (unfused) adipocyte precursors do not differentiate. Moreover, neither precursor-precursor fusion products, nor murine RAG cells disclosed lipid deposition (Fig. 2 C, D) . In other control studies, HAT medium did not induce differentiation in adipocyte precursors, while ouabain did not exert such influence on RAG cells.
Under conditions that induce adipose differentiation (addition of methylisobutylxanthine-dexamethasone followed by insulin) (16), the frequency of hybrids accruing triglyceride and the degree of accumulation increased considerably, even in those composed of precursors from lean subjects (Fig. 3 A) . As mentioned, neutral lipid accumulation revealed by OilRed-O is a reliable indicator of triglyceride accretion and adipose differentiation in these circumstances (1 1). Addition of methylisobutylxanthine-dexamethasone-insulin did not result in lipid accumulation or change in shape of RAG cells. Another important control involved fusion of human skin fibroblasts (CRL 1221) and murine renal (RAG) cells; when these mesenchymal cells, which do not accrue triglyceride in vivo, were partners in the hybrids, lipid deposition was not ob- Cell cloning further demonstrated the different morphological features ofthe hybrid cells. As anticipated, the rounded hybrids did not replicate. The fibroblast-like fusion products multiplied, and a portion became round and accumulated triglyceride (Fig. 3 B) . Hybrid clones composed of precursors from massively obese subjects displayed this phenomenon in greater frequency and degree, as noted for the mixed hybrid cell populations. More specifically, 30 hybrid cell clones were isolated, all composed of preadipocytes from massively obese subjects. Of these clones, 5 revealed rounding and triglyceride accretion, 16 exhibited only rounding, while 9 clones displayed fibroblast-like appearance and were deficient in lipid.
Upon at least the subsequent two subcultures, the majority of the cell hybrids in each of the clones revealed renewed expres- sion oftheir initial morphology. For example, the first group of clones retained the capability of both rotundation and triglyceride deposition.
Up to ten subcultures (a total of about 45 divisions), 10% of the cells in the mixed hybrid cell population composed ofprecursors from the massively obese, retain the capacity to become round and accumulate triglyceride, as exemplified by Fig. 3 C, which shows cells in the second subculture. In contrast, hybrids made up of cells from lean persons, lose the ability to accrue triglyceride after division or subculture (Fig. 3 D) .
Glyceride-glycerol determination. As indicated in Table I grown under similar culture conditions in the absence of inducers or promoters of differentiation. By the t test for unpaired samples, the difference was significant at P < 0.001. The specific activity for cell hybrids composed of preadipocytes from the massively obese was significantly higher (P < 0.001) than that ofthose comprising cells from the lean. The fact that 42% of the activity was retained in the hybrids after heating at 50'C for 2.5 min indicated the presence of the "thermostable" isoenzyme of cytosolic glycerophosphate dehydrogenase characteristic of adipose differentiation (18). In contrast, only 6.5% ofthe cytosolic glycerophosphate dehydrogenase activity in the RAG cells was retained after heating to 50'C for 2.5 min. This finding rules out reversion to the "embryonic thermolabile" isoenzyme that might have resulted from RAG cells, since they originate from a malignant neoplasm.
Discussion
glyceride. The greater accumulation in hybrids composed of adipocyte precursors from massively obese subjects, and in some of the clones of these hybrids, supports the greater propensity for triglyceride accretion, as compared to hybrids composed of cells from the lean. Glycerophosphate dehydrogenase activity. To ascertain that triglyceride accretion reflected adipose differentiation, cytosolic glycerophosphate dehydrogenase activity, an excellent marker of this process, was determined. As presented in Table  II , the specific activity of this enzyme in the cell-free fractions from hybrids composed of precursors from the massively obese (39.1±2.5 U/mg, mean±SE) and of precursors from the lean (29.2±0.5), was significantly higher than that of preadi- The results indicate that not only do some human adipocyte precursor-murine (RAG cells) hybrids reveal an unusual propensity to accumulate triglyceride, but those composed ofprecursors from the massively obese demonstrate this phenomenon to a more enduring and strikingly greater extent than those derived from lean subjects. The precursors from both lean and obese subjects can be induced to differentiate, at least partially, by specific supplements to the culture medium (19 Fusion of cells frequently leads to extinction of a differentiated function expressed by only one of the parent cells, e.g., mouse mitochondrial glycerophosphate dehydrogenase (22) (23) (24) . This phenomenon is unequivocally due in some cases to repression (25) . In addition, fusion of malignant with normal cells, e.g., EJ bladder carcinoma cells with human fibroblasts, results in hybrids that are generally not tumorigenic (26) . Activation of a gene has been demonstrated in a few instances, particularly when the genes ofthe differentiated parent were present in increased "dosage" (27) (28) (29) . Thus, the triglyceride accretion occurring in the precursor-RAG hybrids may be due to either de-repression or direct induction of the genome in human precursors. Other mechanisms responsible for the observed changes may be envisaged. In view of the notable physical and chemical changes in the membrane composition resulting from fusion (30) , the plasma membrane may have acquired the ability to bind or transport factors, possibly present in fetal bovine serum, which lead to adipose differentiation.
Since in addition to syncaryons, heterocaryons revealed similar degrees of triglyceride accumulation, triggering messages from the murine nucleus or other cellular component, may have been transmitted, through the cytoplasm, to the human nucleus. "Cytoplasmic activation" has been described for human amniocyte-differentiated mouse myocyte stable heterocaryons (28, 29) . The role of cytoplasmic factors in gene expression, both suppression and activation, has already been shown by "cybrids," which are formed by fusing whole cells with cytoplasts (31, 32). For example, cybrids from mouse teratocarcinoma stem cells and cytoplasts of rat myoblastic cells revealed various patterns of differentiation (33).
The appreciably greater triglyceride accumulation in the hybrids composed of precursors from massively obese persons, suggests the operation of genetic elements, either specific or in "increased dosage." This proposal is consistent with abundant evidence for heritable factors contributing to the development of obesity, particularly massive corpulence (34, 35). In propagating culture of human-murine hybrids, human chromosomes are lost mainly at random (9) . Hence, the availability of hybrid cell clones with different characteristics may enable mapping of chromosomes containing genes involved in adipose differentiation. The reasons for the diverse phenotypes isolated in our studies are as yet unknown. These might be secondary to dissimilar events related to the process of fusion itself. Or the disparities could be a reflection of chromosomal loss, generally human in such hybrids. It might thus be conjectured that clones revealing rounding, but no triglyceride accretion, have lost genetic material involved in a hormonal mechanism(s), or enzyme(s), or regulatory factor(s) required for deposition of this lipid. Since cell rounding is a fundamental feature of adipose differentiation, even in the absence of triglyceride accumulation (1, 3) , clones remaining fibroblastlike may have lost the gene(s) responsible for differentiation or its exaggeration in massive corpulence. After localization, it may become feasible to characterize this gene(s).
